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The biology of small, forested streams is critical to the ecology of larger waterways and 
broader watershed function. Because of their size, these “headwater streams” are strongly 
influenced by surrounding landscape conditions and their biology is intimately connected 
to the landscape through material and energy subsidies. In the United States, 50 to 80 
percent of streams are primary headwater streams, making them a high priority for 
conservation. Often, stream salamanders are a useful indicator for biotic integrity of 
headwater streams due to their longevity, relatively stable populations, small home 
ranges, and abundance. Assessing stream salamanders is a challenging endeavor and 
existing methods often underestimate the abundance of salamanders present. In this 
project, we sought to develop and assess a new method for estimating salamander density 
in headwater streams. Our goal was to develop a device that mimics the habitat that 
salamanders prefer, leading to rapid colonization that also (a) represents a known area for 
estimating density and (b) is easy to handle for rapid assessment. The project sought to 
meet the following three aims: Aim1 invent a prototype device for quantification of 
salamander density in Ohio streams, Aim2 validate this prototype through field trials and 
against other methods, and Aim3 validate this prototype in various headwater streams and 
seasons. Field trials revealed that this method was superior for estimating salamanders 
than other methods including the standard Visual Encounter Survey (VES) and allows for 
estimation of population density. After placing the artificial habitat in a variety of streams 
through multiple seasons, we found that stream salamanders will colonize the apparatus 
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Introduction 
The biology of small, forested streams is critical to the ecology of larger waterways and 
broader watershed function (Vannote et al., 1980). Because of their size, these “headwater 
streams” are strongly influenced by surrounding landscape conditions and their biology is 
intimately connected to the landscape through material and energy subsidies. In the United 
States, 50 to 80 percent of streams are primary headwater streams, making them a high priority 
for conservation (Leopold et al. 1964; Meyer and Wallace 2001). A variety of assessment tools 
are available that allow for estimations of the biotic integrity of a headwater stream including 
rapid assessment tools. Many of these methods rely on the geomorphological characteristics of 
the stream including factors such as sinuosity, flow and bankfull depth (Rosgen, 1985; Barbour 
et al., 1999). While effective for a rapid assessment, these geomorphological characteristics do 
not always capture the biological functioning of the system (Yoder and Rankin, 1998). 
Assessment of physicochemical parameter such as DO, temperature, and pH are a useful way to 
augment a geomorphological-based assessment, but represent only a moment in time and may 
not reflect factors that impair the longer-term biology of the stream (Barbour et al., 1999). 
Common modes of biotic assessment include sampling fish and macroinvertebrate populations; 
however, primary headwater streams are commonly fishless, and macroinvertebrate 
identification relies on challenging taxonomic distinctions and can be time consuming and often 
require access to microscopes.   
Stream salamanders are a useful indicator for biotic integrity of headwater streams due to 
their longevity, relatively stable populations, small home ranges, and abundance (Jung, 2002). 
Salamanders are the most abundant vertebrate animal in a headwater ecosystem and are the 
primary predator in fishless streams (Burton et al., 1975). These salamanders rely on aquatic 
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biota as a main food source, and shifts in allocthonous inputs can have detrimental effects on 
salamander populations (Johnson and Wallace, 2005). Plethodontid (lungless) salamanders 
exhibit high sensitivity to pollutants and extreme selectiveness of streams for their breeding site 
(Jung, 2002; Moore, 2010; Welsh and Ollivier, 1998). Stream salamanders breathe through their 
skin, and rely on excellent water quality in order to thrive. If there are changes in temperature, 
DO, or chemistry in the stream, salamanders are often the first to respond (Orser & Shure, 1972; 
Willson & Dorcas, 2003). For instance, detrimental effects on salamander populations have been 
documented in response to perturbations such as those associated with acid mine drainage or 
nutrient input from runoff which can cause serious population declines and render the stream 
uninhabitable to these organisms streams (Orser & Shure, 1972; Schorr et al., 2013).  
Assessing stream salamanders is a challenging endeavor and existing methods often 
underestimate the abundance of salamanders present (Nowakowski & Maerz, 2009; Peterman & 
Turslow, 2008). Salamander larvae are small, cryptic and mobile making them challenging 
organisms to survey in the field and their population density is often grossly underestimated 
(Burton et al., 1975). Perhaps the most common method for assessment is the visual encounter 
survey (VES) which involves flipping every stone, leaf, and piece of woody debris to find 
salamanders within a prescribed length of stream reach over an allotted time interval (Ohio EPA, 
2012; Barr and Babbitt, 2001). When these salamanders are found, they are collected and 
identified to life stages and species after which all salamanders are released. These surveys are 
time consuming, labor intensive, and relatively destructive to the stream. More recently, studies 
have utilized leaf packs to estimate population density of larval salamanders (Nowakowski & 
Maerz, 2009; Peterman & Turslow, 2008). These habitat-mimicking methods are an effective 
tool; however, salamanders can colonize beneath the leaf pack apparatus resulting in 
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underestimated density (C. Skalski, Ohio EPA, unpublished data). Moreover, although leaf litter 
studies are good for estimating species richness, these studies do not accurately estimate 
abundance and are not the best sampling method for population density (Chalmers and Droege, 
2002). Previous work has found that while this method has some potential estimating species 
richness, larval salamanders did not seem to colonize the bags in comparison to other substrates 
and a good population estimate was not able to be calculated (Chalmers and Droege, 2002; 
Moore, 2010). Lastly, researchers often use dip net sampling in order to sample salamanders in 
streams. However, dip net sampling can be disruptive, and requires experience in order to 
maintain a consistent technique to estimate population density (Skelly & Richardson, 2010). 
Moreover, dip net sampling does not readily allow for estimates of population density (Werner et 
al., 2007).  
In this project, we sought to develop and assess a new method for estimating salamander 
density in headwater streams. Our goal was to develop a device that mimics the habitat that 
salamanders prefer, leading to rapid colonization that also (a) represents a known area for 
estimating density and (b) is easy to handle for rapid assessment. The project sought to meet the 
following three aims: Aim1 invent a prototype device for quantification of salamander density in 
Ohio streams, Aim2 validate this prototype through field trials and against other methods, and 
Aim3 validate this prototype in various headwater streams and seasons.  
Methods 
The device (which we call the Maloney Salamander Hotel (MSH)) is positioned in the 
headwater stream and provides artificial habitat for larval stream salamanders (Figure 1, left 
panel). This device was then standardized in the following ways: (a) two stacked tempered 
hardboard are placed in the device to provide a known surface area and (b) 300 mL of gravel 
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from the stream bed into which the device will be placed are spread on each board to mimic 
natural salamander habitat (Figure 1, right panel).  
These devices allow salamanders to freely swim in and out while providing cover that makes for 
attractive habitat for the organisms. The device can be easily retrieved; the salamanders are 
counted in the MSH and then promptly released. In addition, in order to ensure that salamanders 
were not lost or injured during sampling: (a) the mesh at the bottom of the MSH was slightly 
buried into the stream bed to insure that salamanders do not colonize beneath the structure; (b) as 
the MSH was removed from the stream, it was tilted so the salamanders would drift to the back 
of the apparatus and (c) the MSH was placed in a clear plastic bin afterward for easy sorting. The 
shelves inside the MSH were carefully sorted in the bin, and a sieve was used to drain the water 
out to ensure that no larval salamanders were missed in the process. Specifications for the MSH 
are outlined in Appendix A.  
We conducted three experiments to assess the viability of the MSH for rapid assessment 
of populations in headwater streams. The objective of the first experiment was to assess 
salamander colonization time for the MSH. Three trials were performed in the summer of 2016 
Figure 1: Maloney Salamander Hotel is constructed from a dishwashing rack lined with 
fine window mesh (left panel). 3 tempered hardboards are lined with 300 mL gravel and 
insert into the hotel to provide habitat (right panel) and placed facing upstream. 
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to assess the length of time needed for salamanders to colonize the MSH. The colonization trial 
was performed in a first order perennial stream (known as Patty Falls) located at Englewood 
Metropark (39°53'09.9"N 84°16'44.7"W). We had previously visually observed a dense and 
species rich community of salamanders in this stream. On a 9 meter transect, 9 prototypes were 
placed at random distances. Next, 3 prototypes were then randomly sampled after 3, 6, and 9 
days. During each sampling, the salamanders were counted and identified to species and life 
stage. This trial was repeated three times.  
In the second experiment, we compared the results of our new MSH to results obtained 
with established sampling methods to verify the its utility for assessing (a) species richness and 
(b) population density. This experiment was conducted in two primary headwater streams. The 
first stream was Patty Falls detailed in experiment one. The second stream (known simply as 
Englewood) was also located at Englewood Metropark (39°52'57.3"N 84°17'01.5"W) and was a 
first order, perennial stream with similar geomorphological features to Patty Falls, in which we 
had previously visually observed a lower abundance but similar richness of salamanders. Thus, 
the experiment was designed to assess performance of the MSH in comparison to other methods 
with both high and low densities of salamanders. First, a visual encounter survey was conducted 
using guidelines from the Ohio EPA Primary Headwater Habitat Assessment (Ohio EPA, 2002). 
A 9 meter reach was sampled with all salamanders collected, identified to species and life stage, 
and released after the entire reach had been sampled. Second, a quadrat-style sampling was done 
using a Hess sampler. Along a 9 meter transect in both streams 3 random locations were selected, 
the Hess sampler was installed in those locations and all salamanders were identified to species 
and life stage and released. Lastly, the MSH was installed in each of the streams for 3 days. After 
3 days, the MSH were collected and salamanders were identified to species and life stage. Each 
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method was tested on each stream during the summer, with three days between each method 
performed.  
Lastly, the MSH was validated by placing them out in headwater streams throughout 
Montgomery County, Ohio. Three primary headwater streams were identified throughout the 
county. These headwater streams had a variety of conditions one might come across when 
sampling. The first stream was located at Englewood Metropark (39°52'44.2"N 84°16'18.4"W) 
and was a second order stream. The substrate of the stream was mostly cobble and gravel. The 
second stream was also located at Englewood Metropark (39°52'55.7"N 84°16'56.9"W) and was 
a first order stream. The substrate of this stream was composed of leaf litter, wood debris and silt 
primarily. The last stream was located off of the Buckeye Trail Bike Path (39°54'52.0"N 
84°10'06.4"W) and was a first order stream. The substrate of this stream was primarily muck 
with minimal cobble and woody debris. Three MSH were placed randomly on a 9 meter transect 
within each stream for 3 days. A trial was repeated throughout each season to verify the best time 
to sample and to ensure salamanders would colonize the hotel. 
Results  
The number of salamanders found within the MSH during the colonization trial was 
relatively stable through time indicating rapid colonization and a stable estimate of numbers. In 
the first trial, the number of salamanders detected was 2 ± 0.5 at all three sampling points (Figure 
2, top panel). During the second trial, the number detected declined slightly on day 9, and there 
was an increase of average number of salamanders on day 9 during the third trial, though there 
were no significant differences among the dates (P = 0.623; Figure 2). Throughout the duration 
of the trials, 39 larval salamanders were caught, 37 were Eurycea cirrigera and the other two 
were Desmongnathus fuscus. There was variation in temperature throughout the sampling event, 
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which is why some of the fluctuations in the number of salamanders that were caught over the 











Figure 2: Mean number of salamanders found per Maloney Salamander Hotel over a 9 
day trial period which was repeated three times. 
Figure 3: Mean temperature during the collection day of each Maloney Salamander 
Hotel.  
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Overall, more salamanders were found per square meter in the MSH than found in the 
other two methods. The MSH estimated a higher density of 22 salamanders per square meter 
than the Visual Encounter Survey. The MSH also estimated a higher density of 26 salamanders 
per square meter than the quadrat sampling (Figure 4). There were 3 larval E. cirrigera that were 
found at the high density site (Patty Falls) while only 1 larval E. cirrigera was found at the low 
density site. In addition, when conducting at VES survey, 188 salamanders were found at the 
high density site and 13 were found at the low density site. While conducting each test, the Hess 
sampler ensured that no salamanders escaped study area. However, 5 salamanders were lost 









Lastly, the Salamander Hotel was placed in a variety of headwater streams to understand 
ideal time to use the device as well ensuring the device could withstand a variety of stream 
conditions. The best time to sample salamanders with this device is during the winter and spring 
Figure 4: Density of salamanders found within a high and low density streams in 
Montgomery County, OH. Three methods were compared to understand which method 
estimated the most accurate density. 
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months (Figure 5). While summer did attract some larval salamanders (n=2), there were not 
nearly as many larval salamanders present. In the fall months, there were not any salamanders 
found at any of the sites due to the ample leaf litter present. Moreover, the MSH was also able to 
withstand a variety of stream conditions. The MSH held up through some strong summer storms 
in July, and some flash flood events in the spring. The MSH was also able to attract salamanders 
into the hotel (during peak sampling time) despite the differing stream conditions. This proves 









 Larval salamanders of the Plethodontidae breathe through their skin and have a larval 
stage that can last from 1 to 5 years (Moore, 2010) making them sensitive to changes in stream 
conditions and an excellent indicator of biological integrity. We developed a new method to 
assess stream salamander populations that has a number of advantages for use in both research 
and rapid assessment. For a method to provide valid estimates of salamander populations, 
immigration or emigration must be minimized and all animals must have the same likelihood of 
Figure 5: Mean number of salamanders found for each season in the Maloney Salamander 
Hotel. The best time to sample salamanders would be late winter and spring of each year. 
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being sampled. Furthermore, the method should ensure that salamanders are not lost during the 
sampling and the sampling should not impact their survivability (White, 1982; Peterman & 
Turslow, 2008). Previous studies have shown that salamanders are unlikey to move more than 1 
meter from where they are captured (Johnson & Wallace, 2005); therefore, it is unlikely that  
immigration or emmigration are problematic for salamander estimates using the MSH. Because 
the MSH is placed within the stream and organisms colonize on their own, this method provides 
equal opportunity for sampling any particular organism in the stream. Lastly, no salamanders 
were harmed during any sampling. It is also important to note that due to how well the MSH 
attacts salamanders into the hotel, rarely were salmanders found colonizing underneath the hotel 
or were lost during sampling.  
Seasonaility is an important consideration for assessing streams using salamanders as an 
indicator species. When there is an abundant amount of leaf litter present (mostly in the fall 
months), it leaves ample areas for salamanders to seek shelter and there will not be many 
salamanders present in the hotels. It is also difficult because as the temperature drop, salamander 
seek shelter in areas underground (Taub, 1961). Therefore, it is best to sample salamanders in the 
late winter or spring. During the early winter, adult salamanders begin to lay egg masses in the 
stream (Smith 2008). In the late spring, larval salamanders hatch and there are a more abundant 
population of larval salamanders to sample (Smith, 2008). We have also found larval 
salamanders in muddy areas using the MSH, but the population density is far less than in higher 
quality streams.  
Estimating the density of salamanders in a headwater stream is challenging and the MSH 
provides some advantages. Previous studies have shown that current sampling methods usually 
underestimate the actually density of salamanders present (Taub, 1961; Dodd and Dorazio, 
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2004). The MSH estimated a higher density of salamanders present which we believe is a truer 
representation of the amount of salamanders present. Because most salamanders dwell 
underground and are also the most common vertebrate in headwater streams, the higher the 
density estimate the truer the actual estimation is to populations. Visual Encounter Surveys are 
extremely disruptive and often miss salamanders that are in a certain area of the stream. In 
contrast, this MSH method has minimal disturbance on the stream and allows for salamanders in 
the known area not to be missed. Because the salamanders do not have a preference in 
colonization time, the researcher can place the hotel out for any time that is convinent and 
retrieve based on the researchers availability. 
 This is far more convienent than a VES, which can be time consuming if the stream has 
a higher density of salamanders. It is recommended the hotels are left out for at least 24 hours 
but they can be retrieve at convienence. To set the Salamander Hotel out takes about 10 minutes 
for each Salamander Hotel and approximately 20 minutes each for retrevial. In addition, these 
Salamander Hotels have weathered a multitude of conditions such as flash floods in July and 
heavy snows in January. It is recommended that if the streams has flash flooding, that the 
Salamander Hotel  is anchored using zipties and inert stakes within the stream.  
Lastly, while adult salamanders did not lay egg masses within the hotel, there is reason to 
believe that this could be possibility. During the sampling, there was an egg mass of another 
organism that was layed on the bottom of one of the hardboards.  
Optimized sampling with the MSH would take into consideration local habitat conditions. 
For other researchers interested in using this sampling method, it is recommended that the 
researcher is strategic about the placement of the Salamander Hotel. Larval salamanders have a 
preference of areas they tend to dwell in, streams with cool, bubbly, rocky areas are prefered 
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instead of deep pools or muddy areas (Moore, 2010; Ohio EPA, 2012). Therefore, the placement 
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Appendix A 
Artificial Habitat Method for Salamander Sampling:  
Building the Artificial Habitat: 
Materials: 
1. Dishwashing rack (Ensure that it is made of inert materials) 
2. Window mesh (Charcoal fiberglass screen mesh, 20 feet) 
3. 1 Tempered Hardboard (3/16 inches, 8 feet by 8 feet) 
4. PVC Pegs Optional (3/4 inch) 
5. Invert 12 inch stakes (4 per hotel) 
6. Zip-ties 
7. 1ft by 2 ft by 0.5 inch Rubber-made container 
Procedure (15 minutes per hotel): 
1. Cut window mesh to cover the inside of the dishwashing rack completely.  
2. Zip-tie window mesh to the inside of the dishwashing rack and ensure that no holes are 
present. 
3. Cut tempered hardboard to fit as shelving units in the inside of the dishwashing rack. 
Each hotel should have between 2-3 shelving unis.  
4. Optional: Glue PVC pegs on each corner of the tempered hardboard to help the shelving 
stay upright.  
Sampling the Artificial Habitat:  
Setting Up the Hotel (5-10 minutes per hotel): 
Description: When sampling a headwater stream, look for areas with cobble and gravel present. 
These areas will usually have higher populations of salamanders present. While salamanders 
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will colonize hotels after 24 hours, it is recommended that the hotels remain in the water for 3-5 
days before sampling.  
1. Place 300 mL of gravel from the stream bed onto 2-3 shelves. Place one shelf with no 
gravel on top of the shelves. 
2. Stack the shelves within the hotel. 
3. Place the hotel apparatus facing upstream so water flows through the hotel.  
4. Bury the bottom of the hotel slightly into the bottom of the stream to avoid salamanders 
swimming underneath the hotel.  
5. If needed, stake the hotel down into the stream bed using an inert stake and zip-ties. 
6. Add rocks and leaf litter atop the hotel to help hotel blend into the natural environment.  
Sampling the Hotel Apparatus (10-15 minutes per hotel) 
1. Start at the most downstream hotel to ensure the habitat is not disturbed. Approach the 
hotel and tip it backwards so that the contents fall to the back. 
2. Immediately place the hotel in clear plastic rubber-made bin to help no salamander 
escape.  
3. Slowly take out each shelving unit and sort through the gravel carefully.  
4. Examine the leftover contents in the hotel. Most likely the salamanders have fallen 
backwards and are sitting on the window mesh hidden beneath rocks that have fallen off 
the shelves. 
5. Drain excess water through a small sieve to ensure no salamanders are missed. 
6. Record the species and life stage of every salamander found. 
7. Repeat the process with the next downstream hotel.  
 
